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vk4 File Produced by Keyence VK Software

• This file is output by the Keyence laser conformal microscope (LCM)
• This file contains all of the data for a “run”
• Height
• Optical: Red Green Blue
• Laser (Intensity)
• Laser plus Optical
• Run Parameters (rows, columns, etc)

• The file is a binary file
• Reading the data correctly is needed for custom analysis



Custom Analysis

• Need pixel information

• Not directly available without multiple “clicks” in the Keyence software to 

output comma separated values (CSV) file format

• Convert to usable form from vk4 files

• Fast

• No clicking needed

• Smaller file sizes for transfer

• Easier to manage multiple (8) data types from the same collection run

• Height – 1 image

• Optical – 3 images Red, Green, Blue (RGB)

• Optical plus Laser – 3 images Red, Green, Blue (RGB)

• Intensity – 1 image



No Off the Shelf Way to Read the File

• Contacted Kevin Dugan of Keyence
• Suggested Work with Gwyddion to read the format
• Obtained partial format document from David Nečas (Yeti) 

yeti@gwyddion.net
• “it contains more or less the same information as the keyence module 

source code (which is public)“



Reading the Binary Data in a vk4 file

• od -tx4 -N80 -j00 TA_Stamp_20X_S1_Y1_X1.vk4 | more
• Output (Offset Line Number followed by  Binary Data)

• First hex number 5f344b56 is: TKV_
• Tenth hex number is 00600620



Various Offsets in Decimal Lines
• myoffset =
• Columns 1 through 6
          84         732     2360048     4719364           0           0  
• Columns 7 through 12     

6293024           0           0     9439548     9526004     9612460  
• Columns 13 through 18     

9698916     9785372           0           0     9785388           0

• Column 3: laser+color images
• Column 4: light intensity image
• Column 7: height image 0
• Column 10: CCD thumbnail images
• Etc.



Finding the Height image data
• Use the tenth hex number, 00600620, to find Ox1 + 2x16 + 6x256 + 0x4096 

+ 0x65536 + 6x1048576 = 32 + 1536 + 6291456 = 6293024 

• Add 12 header hex numbers to this number, 6293024, equals 6293036 the 

number of hex numbers to skip to get to the laser image data

• Command: od -tx4 -N40 -j6293036 TA_Stamp_20X_S1_Y1_X1.vk4

• Output (Offset Line Numbers followed by  Binary Data)

• char(hex2dec('4d')), char(hex2dec('43')), char(hex2dec('33')), char(hex2dec('32')) = “MC32”



Directly in MATLAB

• The commands
• myfile='TA_Stamp_20X_S1_Y1_X1.vk4';
• mydirectory='/Users/jgw/Documents/Documents/CCS-6 FILES/Crack Detection/Instrument Information/';
• cd(mydirectory);
• fileID = fopen(myfile);
• A = fread(fileID,'ubit8');
• myoffset=6293024
• for myi=[1:3]
• i1=myoffset+1+(myi-1)*4;
• i2=i1+1;
• i3=i1+2;
• i4=i1+3;
• testoffset(myi)=A(i1)+A(i2)*256+A(i3)*256*256+A(i4)*256*256*256;
• end

• testoffset(1:3) 
• for myi=[4]
• i1=myoffset+1+(myi-1)*4;
• i2=i1+1;
• i3=i1+2;
• i4=i1+3;
• testoffset(myi)=A(i1)+A(i2)*256+A(i3)*256*256+A(i4)*256*256*256;
• end
•
• [char(A(i1)) char(A(i2)) char(A(i3)) char(A(i4))]

• hexdumpvk4



Binary Output Beginning of Height Image Data
• Line number, Hex line number, 2 character binary output
• Underlined Values: 1024 and 768
• Next Values 32 and “MC32”



Color Image Information

• Color pixel info starts at: 147506

• Skip first four 2 digit pairs then see
• 1024
• 768
• 16
• “WC16” [from char(hex2dec('31'))=1 and char(hex2dec('36'))=36]



Color Image Binary Data



Color Image Decimal and Binary Data

• Red Integers:
• Green Integers:
• Blue Integers
• Binary Start: 

71 137 183 137 109 101 91 80 71 55

90 156 185 142 86 80 70 64 59 44

55 121 141 102 63 54 60 55 54 35



Color Image 

• Need to Decode 
• LZW 
• 24 = 16 + 8



Height Image Binary Data



Height Image First Binary Lines

• Values: 1024, 768, 32, MC32, 48, 



Height Image Binary Lines LZW Decoding Table



Bingo!!

• pn1706518:Instrument Information jgw$ od -N3145744 -j6293820 -
D TA_Stamp_20X_S1_Y1_X1.vk4 | strings | head

• 30004474 399650 394050 389350 379350

• 30004514 404300 433800 404300 399650

• 30004534 389350 399650 404300 400800

• 30004554 419500 399650 399650 399650

• 30004574 401700 433800 414250 433800

• 30004614 414250 424050 429250 433800

• 30004634 414250 404300 414250 424050

• 30004654 449150 449150 414250 414250

• 30004674 409600 424050 409600 429250

• 30004714 409600 429250 414250 409600



Even Simpler!

pn1706518:Instrument Information jgw$ od -N3145728 -j6293820 -
D TA_Stamp_20X_S1_Y1_X1.vk4 | head
30004474 399650 394050 389350 379350
30004514 404300 433800 404300 399650
30004534 389350 399650 404300 400800
30004554 419500 399650 399650 399650
30004574 401700 433800 414250 433800
30004614 414250 424050 429250 433800
30004634 414250 404300 414250 424050
30004654 449150 449150 414250 414250
30004674 409600 424050 409600 429250
30004714 409600 429250 414250 409600

pn1706518:Instrument Information jgw$ od -N3145728 -j6293820 -
D TA_Stamp_20X_S1_Y1_X1.vk4 > simpler.txt



pn1706518:Instrument Information jgw$ od -N3145728 -j6293820 -An -
vtu4 TA_Stamp_20X_S1_Y1_X1.vk4 | head

399650 394050 389350 379350
404300 433800 404300 399650
389350 399650 404300 400800
419500 399650 399650 399650
401700 433800 414250 433800
414250 424050 429250 433800
414250 404300 414250 424050
449150 449150 414250 414250
409600 424050 409600 429250
409600 429250 414250 409600

pn1706518:Instrument Information jgw$ od -N3145728 -j6293820 -An -
vtu4 TA_Stamp_20X_S1_Y1_X1.vk4 | tail

433800 424050 414250 433800
443750 433800 359550 384000
404300 404300 409600 394050
414250 409600 389350 404300
374000 394050 399650 404300
394050 379350 349450 379350
419500 419500 419500 424050
424050 414250 439100 429250
409600 419500 419500 414250



pn1706518:Instrument Information jgw$ od -N3145728 -j6293820 -An -
vtu4 TA_Stamp_20X_S1_Y1_X1.vk4 | wc -l

196609
pn1706518:Instrument Information jgw$ od -N3145728 -j6293820 -An -
vtu4 TA_Stamp_20X_S1_Y1_X1.vk4 | tail -1

pn1706518:Instrument Information jgw$ od -N3145728 -j6293820 -An -
vtu4 TA_Stamp_20X_S1_Y1_X1.vk4 | tail -2

409600 419500 419500 414250

pn1706518:Instrument Information jgw$

>> 1024*768ans =      786432 
>> 196609*4ans =      786436
One blank line of 4
Works!



MATLAB Code to Read vk4 File
myfile='TA_Stamp_20X_S1_Y1_X1.vk4'; 
mydirectory='/Users/jgw/Documents/Documents/CCS-6 FILES/Crack Detection/Instrument Information/'; 
  
cd(mydirectory); 
  
mystring='VK4'; 
  
fileID = fopen(myfile); 
% A = fread(fileID,'ubit8'); 
A = fread(fileID,'ubit8'); 
B = dec2hex(A); 
char(A(1:20))' 
char(A(end-62:end)'); 
char(B(1:20,1:size(B,2)))' 
char(B(end-62:end)'); 
  
for myioffset=[1:18] 

i1=12+4*(myioffset-1)+1; 
i2=i1+1; 
i3=i1+2; 
i4=i1+3; 

    myoffset(myioffset)=16*hex2dec(B(i1,1))+1*hex2dec(B(i1,2))+256*(16*hex2dec(B(i2,1))…
+1*hex2dec(B(i2,2)))+256*256*(16*hex2dec(B(i3,1))+1*hex2dec(B(i3,2)))+256*256*256*(16*hex2dec(B(i4,1))+1*hex2dec(B(i4,2))); 
end 
myoffset 
A(6293023:6293084)'; 
A(6293821:6293884,1)' 
C=A(6293821:9439548,1)'; 
D=dec2hex(C); 
uncoded= hex2dec(D(4,1))*16^7 +hex2dec(D(4,2))*16^6 +hex2dec(D(3,1))*16^5 + hex2dec(D(3,2))*16^4…
+ hex2dec(D(2,1))*16^3 + hex2dec(D(2,2))*16^2 + hex2dec(D(1,1))*16^1 + hex2dec(D(1,2))*16^0 
F=reshape(C,4,1024*768)'; 
Fbase=[1 16^2 16^4 16^6]'; 
myheight=F*Fbase; 
myheight=reshape(myheight,1024,768); 
image(myheight/max(max(myheight)),'CDataMapping','scaled') 
colorbar 
image(myheight/max(max(myheight)),'CDataMapping','scaled') 
colorbar 
daspect([1 1 1]) 
  
myheight(1:8) 
myheight(end-8:end) 



clear all
myimagedirectory='/Users/jgw/Documents/Documents/CCS-6 FILES/Crack Detection/HCL_Crack /HCL_Pol_no_O2_Sec1_All/';
cd(myimagedirectory);
dnamelist = dir([myimagedirectory '*vk4']);
dnamelist([dnamelist.isdir]) = [];
totalimagefiles=length(dnamelist)
for myi=[1:totalimagefiles]
myimages{myi}=dnamelist(myi).name
end

[choice idx] = chooseimagedialog(myimages)
myfile=myimages{idx};

mystring='VK4';

fileID = fopen(myfile);
A = fread(fileID,'ubit8');
fclose(fileID);

char(A(1:20))'
char(A(end-62:end)');

Fbase=[1 16^2 16^4 16^6]';
for myioffset=[1:18]

i1=12+4*(myioffset-1)+1;
myoffset(myioffset)=A(i1:i1+3)'*Fbase;

end
myoffset

C=A(myoffset(7)+797:myoffset(10))';
rows=A(myoffset(7)+1:myoffset(7)+4)'*Fbase;
cols=A(myoffset(7)+5:myoffset(7)+8)'*Fbase;
codingbase=A(myoffset(7)+9:myoffset(7)+12)'*Fbase;
largestheightallowed=A(myoffset(7)+29:myoffset(7)+32)'*Fbase
F=reshape(C,4,rows*cols)';
myheight=F*Fbase;
myheight=reshape(myheight,rows,cols);

image(myheight/max(max(myheight)),'CDataMapping','scaled');
colorbar;
daspect([1 1 1]);

myheight(1:8)
myheight(end-8:end)
% %
% % min(min(myheight))
% % max(max(myheight))



Matlab Code to Read vk4 file: Choose a File

myimagedirectory='/Users/jgw/Documents/Docu
ments/CCS-6 FILES/Crack Detection/HCL_Crack
/HCL_Pol_no_O2_Sec1_All/';
cd(myimagedirectory);
dnamelist = dir([myimagedirectory'*vk4']);
dnamelist([dnamelist.isdir]) = [];
totalimagefiles=length(dnamelist)
formyi=[1:totalimagefiles]
myimages{myi}=dnamelist(myi).name;
end

[choice idx] = chooseimagedialog(myimages)
myfile=myimages{idx};



Matlab Code to Read vk4 file: Read the File
tic
mystring='VK4';

fileID = fopen(myfile);
A = fread(fileID,'ubit8');
fclose(fileID);

fileID = fopen(myfile);
AA = fread(fileID,'ubit8');
fclose(fileID);

char(A(1:20))'
char(A(end-62:end)');



Matlab Code to Read vk4 file: Compute Offsets

Fbase=[1 16^2 16^4 16^6]';
formyioffset=[1:18]

i1=12+4*(myioffset-1)+1;
myoffset(myioffset)=A(i1:i1+3)'*Fbase;

end
myoffset



Matlab Code to Read vk4 file: Read Optical Image

% set equal to 2 for optical data
% set equal to 3 for laser optical data
% set equal to 4 for laser intensity data
% set equal to 7 for height data
typeoffset=2;

opticalendoffset=min(myoffset((myoffset-myoffset(typeoffset))>0));
C=A(myoffset(typeoffset)+21:opticalendoffset)';
opticalrows=A(myoffset(typeoffset)+1:myoffset(typeoffset)+4)'*Fbase
opticalcols=A(myoffset(typeoffset)+5:myoffset(typeoffset)+8)'*Fbase
opticalcodingbase=A(myoffset(typeoffset)+9:myoffset(typeoffset)+12)'*Fbase
largestopticalallowed=A(myoffset(typeoffset)+29:myoffset(typeoffset)+32)'*Fbas
e
OF=reshape(C,3,opticalrows*opticalcols)';
myoptical=OF;
myoptical=reshape(myoptical,[opticalrows opticalcols 3]);



Matlab Code to Read vk4 file: Laser Optical Image

% set equal to 2 for optical data
% set equal to 3 for laser optical data
% set equal to 4 for laser intensity data
% set equal to 7 for height data
typeoffset=3;

colorendoffset=min(myoffset((myoffset-myoffset(typeoffset))>0));
C=A(myoffset(typeoffset)+21:colorendoffset)';
colorrows=A(myoffset(typeoffset)+1:myoffset(typeoffset)+4)'*Fbase
colorcols=A(myoffset(typeoffset)+5:myoffset(typeoffset)+8)'*Fbase
colorcodingbase=A(myoffset(typeoffset)+9:myoffset(typeoffset)+12)'*Fbase
largestcolorallowed=A(myoffset(typeoffset)+29:myoffset(typeoffset)+32)'*Fbas
e
CF=reshape(C,3,colorrows*colorcols)';
mycolors=CF;
mycolors=reshape(mycolors,[colorrows colorcols 3]);



Matlab Code to Read vk4 file: Read and 
Compute Laser Intensity Image

% set equal to 2 for optical data
% set equal to 3 for laser optical data
% set equal to 4 for laser intensity data
% set equal to 7 for height data
typeoffset=4;
%next offset and reshape only the image matrix
intensityendoffset=min(myoffset((myoffset-myoffset(typeoffset))>0));
%%%%%% works for height
C=A(myoffset(typeoffset)+797:intensityendoffset)';

intensityrows=A(myoffset(typeoffset)+1:myoffset(typeoffset)+4)'*Fbase
intensitycols=A(myoffset(typeoffset)+5:myoffset(typeoffset)+8)'*Fbase
intensitycodingbase=A(myoffset(typeoffset)+9:myoffset(typeoffset)+12)'*Fbase
largestintensityallowed=A(myoffset(typeoffset)+29:myoffset(typeoffset)+32)'*Fbase

IF=reshape(C,2,intensityrows*intensitycols)';

Fbase2=[1 16^2 ]';
myintensity=IF*Fbase2;
symsy(x);
checkintensity=round(fmyintensity(myintensity));
myintensity=reshape(checkintensity,intensityrows,intensitycols);



Matlab Code to Read vk4 file: Read Height Image
% set equal to 2 for optical data
% set equal to 3 for laser optical data
% set equal to 4 for laser intensity data
% set equal to 7 for height data
typeoffset=7;
%next offset and reshape only the image matrix
heightendoffset=min(myoffset((myoffset-myoffset(typeoffset))>0));

C=A(myoffset(typeoffset)+797:heightendoffset)';

heightrows=A(myoffset(typeoffset)+1:myoffset(typeoffset)+4)'*Fbase
heightcols=A(myoffset(typeoffset)+5:myoffset(typeoffset)+8)'*Fbase
heightcodingbase=A(myoffset(typeoffset)+9:myoffset(typeoffset)+12)'*Fbase
largestheightallowed=A(myoffset(typeoffset)+29:myoffset(typeoffset)+32)'*Fbas
e

HF=reshape(C,4,heightrows*heightcols)';
myheight=HF*Fbase;
myheight=reshape(myheight,heightrows,heightcols);



Matlab Code to Read vk4 file: Timing

preimagestime=toc



Matlab Code to Read vk4 file:
Display Height Image

figure(4)

image(myheight’/max(max(myheight)),'CDataMapping','scaled');

colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[20 475 400 300])
title({[choice ] ; ['Height Data']},'Interpreter','none')



Matlab Code to Read vk4 file: 
Display Laser Intensity Image

figure(21)

image(myintensity’,'CDataMapping','scaled');
colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[20 850 400 300])
title({[choice ] ; ['Gamma Corrected Laser Intensity 
Data']},'Interpreter','none')



Matlab Code to Read vk4 file:
Display RGB Laser Optical Images
figure(1)

image(reshape(CF(:,1),[colorrows colorcols])’,'CDataMapping','scaled')
colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[20 100 400 300])
title({[choice ] ; ['Blue Laser Optical Data']},'Interpreter','none')

figure(2)

image(reshape(CF(:,2),[colorrows colorcols])’,'CDataMapping','scaled');
colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[425 100 400 300])
title({[choice ] ; ['Green Laser Optical Data']},'Interpreter','none')

figure(3)

image(reshape(CF(:,3),[colorrows colorcols])’,'CDataMapping','scaled');
colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[830 100 400 300])
title({[choice ] ; ['Red Laser Optical Data']},'Interpreter','none')



Matlab Code to Read vk4 file:
Display RGB Optical Images
figure(11)

image(reshape(OF(:,1),[opticalrows opticalcols])’,'CDataMapping','scaled')
colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[1235 100 400 300])
title({[choice ] ; ['Blue Only Optical Data']},'Interpreter','none')

figure(12)

image(reshape(OF(:,2),[opticalrows opticalcols])’,'CDataMapping','scaled');
colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[1640 100 400 300])
title({[choice ] ; ['Green Only Optical Data']},'Interpreter','none')

figure(13)

image(reshape(OF(:,3),[opticalrows opticalcols])’,'CDataMapping','scaled');
colormap('jet')
colorbar;
daspect([1 1 1]);
set(gcf,'Position',[2045 100 400 300])
title({[choice ] ; ['Red Only Optical Data']},'Interpreter','none')



Matlab Code to Read vk4 file: Display Beginning 
Data and Save Images to Workspace

myheight(1:14,1:4)'
mycolors(1:14,1:4,1)'
mycolors(1:14,1:4,2)'
mycolors(1:14,1:4,3)'
myoptical(1:14,1:4,1)'
myoptical(1:14,1:4,2)'
myoptical(1:14,1:4,3)'
myintensity(1:14,1:4)'
savefilename=replace(myfile,'vk4','mat')
save temp filename myheight mycolors myoptical myintensity heightrows
heightcols colorrows colorcols opticalrows opticalcols intensityrows
intensitycols
movefile('tempfilename.mat',savefilename)



Matlab Code to Read vk4 file:
Gamma Correction Subroutine

functiony = fmyintensity(x)
% gamma power
mygamma=.45;
% slope
aequal=2.8389;
% intercept
bequal=-.3851;
% slope
aroot=445.7088;
% intercept
broot=.5506;
% change point
linecut=38*256+102;
% maximum range
linemax=256^2-1;
% % % % % % % % linecut=38*256+102
% % % % % % % % linemax=255*256+255
y=zeros(size(x));
y = y + (x>=0&x<=linecut).*(aequal.*x+bequal);
y = y + (x>linecut&x<=linemax).*(aroot.*x.^(mygamma)+broot);
end



Reading Intensity from the 
vk4 file



Linear in the low range

• Fbase2=[1 16^2 ]';
• myintensity=IF*Fbase2;
• myi=IF*Fbase2;



Linear in the high range

• scatter(myi.^.5,test4,sz,'filled','k')



Gamma Correction for vk4 files



http://archive.is/iuUnG



http://archive.is/iuUnG



Computing the Gamma Intensity Correction

• Find Gamma Correction Function Coefficients for These Files

• Gamma = .45

• Cutoff = 9830 (directly applied to binary data value (BDV))

• First Line 2.8389 x BDV - .3851, BDV ≤ 9830

• Second Line 445.7088 x BDV0.45 + .5506, BDV > 9830

• Result is the Intensity (±1)



Observations

• Last few lines of the intensity file are duplicated in 
TA_Stamp_20X_S1_Y1_X1.vk4 file
• Intensity file significant digits is exactly the maximum of the RGB

channels



Check Read:
Matches values from vk4 file and csv files

• TA_Stamp_20X_S1_Y1_X1.vk4
• HCL_Pol_no_O2_Sec1_All_Y2_X4


